Niobates with tetragonal tungsten bronze TTB-type structure have presented great technological potential due to their dielectric, ferroelectric, pyroelectric properties. The preparation by the modified polyol method and structural characterization of K 2 Nd (1-x) Eu x Nb 5 O 15 nanopowders, where x = 0; 0.0025; 0.025; 0.05 e 0.1, were investigated. The structural parameters were analyzed as a function of concentration of europium ions in the K 2 NdNb 5 O 15 host structure using the Rietveld method. From structural parameters was determined the TTB-type structure with tetragonal symmetry, where the pentagonal sites is occupied by K + and Eu 3+ ions and tetragonal sites is occupied only by Nd 3+ ions. The addition of europium in the host structure led to a decrease in the lattice parameters, compatible with the increasing degree of distortion of NbO6 polyhedra. The average crystallite size showed values between 18.25 and 26nm.
Introduction
Since the discovery of the ferroelectricity in BaTiO 3 [1] , much research has been addressed to properties systems as lead titanate and lead zirconate titanate, both with perovskite structure of stoichiometry ABO 3 [2] , as well as to new ferroelectric oxides with innovative properties. Some ferroelectric oxides have been developed and used in a wide range of applications such as capacitors, actuators and piezoelectric transducers [3] . The constant technological development and miniaturization of electronics devices have led to the advancement of new technologies and processes for the production of ferroelectric ceramics [4] . In this sense, a significant increase of the number of applications of these materials as dielectrics, pyroelectrics, sensors and transducers, among others, has become evident in recent decades. However, the presence of lead in conventional ferroelectric ceramics has motivated the search of new alternative materials, less toxic to the environment, the called lead free [5] . In the last few years, alkaline and alkaline earth niobates with TTB-type structures have been studied due to the high anisotropy of their crystalline structure [6] . The TTB structure can be considered a derivative of the classical perovskite structure. It can be described by the chemical formula (A1) 2 (A2) 4 C 4 Nb 10 O 30 . A1, A2, and C represent different sites in the crystalline structure. The A1 cavities have cuboctahedral coordination, the A2 cavities have pentacapped pentagonal prismatic coordination, and the C cavities have tricapped trigonal prismatic coordination. The cavity size decreases in the following order: A2 > A1> C. In TTB-type compounds, alkaline and/or alkaline-earth metals are located in the A1 and A2 sites, while only small cations like Li are found in the C site [7, 8] . Taking into account the TTB-type structure, a wide variety of cation substitutions is possible. In a broad sense, TTB-type compounds with the A 6 Nb 10 O 30 formula, where A = Sr, Ba, are semiconductor oxides containing Nb 5+ cations. The size and type of replacement ions at different sites of the structure and the degree of disorder have a significant effect on the dielectric properties [9] [10] [11] [12] . In a general way, octahedral distortions resulting of a specific cation occupation have been observed. The octahedral distortion can modulate and/or stabilize properties such as: ferroelectricity, piezoelectricity and second-harmonic generation [8] . In this work has been investigated the structural properties of new solid solutions with stoichiometry K 2 Nd (1-x) ) . The reagents were solubilized in acid medium with constant agitation until complete homogenization of the mixture. Then ethylene glycol was added at a ratio of 2:1 and the system was gradually heated with stirring up to 140 ° C, where a polymeric resin was formed. This resin was calcined in a furnace type box. This process led to the formation of a precursor powder. The precursor was calcinated at 1100 [15] . The parameters and variables adopted during the refinement process were the background coefficients, profile coefficients, histogram scale, lattice parameters, linear absorption coefficients, coordination parameters or oxygen parameters (X), and isothermal parameters for five kinds of atoms (K, Nd, Eu, Nb, and O). The background level was fitted with a five-order polynomial function and the peak shape with a pseudo-Voigt function. The angular dependence of the peak full-width at half-maximum (H) was defined by a function determined by Caglioti [16] . Using the atomic positions derived in the refinement step, the solid solutions unit cells were built using the Diamond software package [17] . The average crystallite size (D) and the lattice strain of powders were estimated from X-ray diffraction line broadening. The crystallite size was estimated by Scherrer's equation using the Jade 8 Plus software [18] :
where β is the broadening of the diffraction line measured at half of the maximum intensity, λ is the wavelength (Cu-Kα), θ is the Bragg angle for a given diffraction, and k is a constant, which is in general equal to 0.9 for powders. Table 1 shows the average crystallite size of KNN, KNN:0.0025Eu, KNN:0.025Eu, KNN:0.05Eu and KNN:0.1Eu powders. The concentration increasing of Eu 3+ ions in the host structure showed a decrease in the average crystallite size. This behavior can be associated with lower diffusion process and nucleation of crystals due to the decrease of structural anisotropy [12] , promoted by a lower distortion of the unit cell. (r Nd3+ = 111pm). Thus, the substitution of Nd 3+ by Eu 3+ ions promotes a shrinkage of the crystalline lattice. It's consistent with decreasing of the unit cell volume V. Fig. 1 shows the graphic representation of the unit cell obtained for KNN, KNN:0.0025Eu, KNN:0.025Eu, KNN:0.05Eu and KNN:0.1Eu. A priori, niobium atoms are coordinated to six oxygen atoms, four of them are located on the same plane as the niobium atoms. Other two oxygen atoms are above and below of the plane, respectively. This condition is favourable for the formation of a M site octahedral in the structure [12] . The specific occupation of cations in tetragonal and pentagonal sites of the TTB-type structure can be directly related to the structural stability. Here the tetragonal site is only occupied by Nd 3+ cations while the pentagonal site is occupied by K + cation and with Eu 3+ cation occupying two equivalent positions getting close, as shown in Fig. 1 . These occupations give further stability to the structure. In this sense, the structural stability of TTB niobates can be related with the position of chemical element in Periodic Table. From this view-point, seems that the electronegativity of ions that occupy pentagonal and tetragonal sites of TTB niobate determines a part of thermal structural stability of lattice [14] . On the other hand, one of the characteristics of TTB-type niobates is the intra-octahedral distortion of the Nb 5+ cation [8] . The off-center position of the Nb 5+ cation and octahedral distortion have been attributed to second-order Jahn-Teller (SOJT) effects as well as to the factors as bond networks, lattice stresses in the solid-state framework and punctual defects in the crystalline lattice [8] . The difference between lengths (Nb-O6)-(Nb-O1) is proportional to the niobium off-center displacement ∆z along the polar direction. The displacement ∆z of Nb 5+ from the center of the [NbO6] octahedron corresponds to the spontaneous polarization [8, 12] . The increase of europium cations in the structure, above x = 0.025, causes a decrease in the ∆z value, which is related to the magnitude of the displacement of Nb from the central position of the octahedron [NbO 6 ]. This phenomenon can be associated with a decreased of covalent character with increasing ionic character of the structure, which implies a decrease in spontaneous polarization [8] . In this sense, niobium-off-center tends to decrease its shifting from center of oxygen octahedron. In the practice, this phenomenon results in shrinkage of lattice, which was observed in the Rietveld data (Table 1) .
Conclusion
Modified polyol method is a suitable method for the preparation of single phase niobate powder with stoichiometry K 2 Nd (1- 6 ] octahedra occurs due to contributions from both rotation and tilting. The increase of europium cations in the structure promoted in a decrease of the niobium off-center displacement ∆z along the polar direction resulting in shrinkage of crystalline lattice.
